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Published  studies  on  the  interaction  of  Newcastle  disease  virus  (NDV) 
with  Ehrlich  ascites tumor  (EAT)  cells have utilized  two different forms of 
virus:  (a) ordinary laboratory strains propagated by serial  passage in the al- 
lantoic  cavity of the  chick  embryo and  referred  to  in  this  paper  as  "chick 
embryo-adapted NDV," and  (b) NDV which has been adapted to growth in 
EAT  cells,  referred  to  in  this  paper  as  "EAT-adapted  NDV."  The  EAT- 
adapted virus is able to undergo an apparently normal growth cycle in EAT 
cells  (1),  while  chick  embryo-adapted  NDV  is  not  (2-5).  Although  chick 
embryo-adapted virus is able to infect EAT  cells,  causing  cell death,  newly 
synthesized infective virus has never been detected in this latter system (2-4). 
The present paper will be limited to further consideration of the interaction of 
chick embryo-adapted NDV with EAT cells. 
The technique of infecting EAT cells with chick embryo-adapted NDV in 
vitro and  the events which follow  such infection have been described (2-4). 
Following  adsorption of virus  to the tumor  cells, virus was  found to lose in- 
fectivity rapidly. This fact, together with evidence derived from immunologic 
and fluorescent antibody studies, supported the suggestion that a  portion, at 
least, of the virus penetrated the cell shortly after adsorption  took place (5). 
If, following  this  initial  adsorption,  the infected cells were injected into  the 
peritoneal  cavity of the mouse they underwent a  period of hyperplasia,  the 
extent of which depended on the virus : cell ratio at  the time of infection (4). 
Concurrent with this stimulation of cellular  multiplication,  synthesis of viral 
antigen  could be demonstrated within the cytoplasm of infected cells by im- 
munohistochemical  methods  (5).  That  this  antigen  represented  "incomplete 
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virus" of exceptional functional simplicity was  suggested by the observation 
that  it  did  not  possess  either  infectious,  hemagglutinating,  or  complement- 
fixing activities. These  observations although  suggestive,  did not,  of  course, 
rule out the possibility of a  more complex form of virus replication, since the 
absence of measurable viral properties in extracts of infected cells could have 
been due to the action of unrecognized inhibitors or to defects in the methods of 
extraction.  These  considerations rendered worthwhile a  morphological study 
of EAT cells infected with NDV in an attempt to determine whether the newly 
synthesized viral antigen was as simple morphologically as it was functionally, 
or whether  it was  associated with  a  unit  more  nearly resembling  the  intact 
infective virus, as is the case in another "incomplete virus" system, influenza, 
that  has  been  studied  (6,  7).  With  influenza it has  been  demonstrated  that 
non-infectious particles produced in the mouse brain or in the allantoic cavity 
of the chick embryo by serial undiluted passage differ from normal influenza 
in only two morphologic details: they are more pleomorphic and have a slightly 
greater mean diameter (7). 
Examination of thin sections of plastic-embedded material with the electron 
microscope  seemed  suited  for  attempted  resolution  of  this  problem.  It  was 
anticipated  that  this  approach  could shed  light on  the  relationship between 
the observed functional  "incompleteness" and  its morphological counterpart. 
It is the purpose of this paper to describe the morphological changes following 
infection of Ehrlich ascites tumor cells with chick embryo-adapted Newcastle 
disease virus. 
Material and Methods 
Virus and Cell Strains.--The Hickman strain of NDV was used in all experiments.  Stock 
virus was prepared as needed, by intrallantoic inoculation  of 9 day old white leghorn  chick 
embryos with 0.2 ml. of a virus stock containing 10  a EIDb0/ml. Allantoie  fluid was harvested 
after 48 hours and sealed in glass ampules  which were stored at-- 70°C. until used. Two sublines 
of the tetraploid strain of EAT cells which were originally  obtained from Dr. G. Klein, Karo- 
linska Institute, Stockholm, were used. One subline was the same as that described in previous 
papers (4, 5); the other was supplied by Dr. Marshall of the Lederle Laboratories, American 
Cyanamid Company, Pearl River, New York. Identical results were obtained with both sub- 
lines. The cells were carried by serial weekly passages in female CF-1 (Carworth Farms) mice. 
Cells of 5 day passage age were used in all experiments.  All preparative manipulations were 
carried out under aseptic conditions at 0-4°C. and the final washed cells were stored at that 
temperature until used (usually within 5 to 10 minutes).  The cells used in the experiments to 
be described were washed three times in modified gincosol by centrifugatlon,  and final sus- 
pension was made in modified glueosol. Final cell concentration was determined by duplicate 
counts in a standard hemocytometer counting chamber. 
Preparation of Virus Cell Mixtures.--In all experiments 4.2 X  108 washed  cells were sedi- 
mented in the cold and resuspended in 7 ml. of ten-fold concentrated infected allantoic fluid 
suspended in glucosol (10  n EID~0/ml.) at 0-4°C. The "infectious virus particle": cell ratio in 
these mixtures was  approximately 100. The mixtures were held at 0-4°C.  for 30 minutes 
prior to intraperitoneal inoculation into mice. Control mixtures were prepared in an identical W.  ROBERT ADAMS AND ALI~RED M.  PRINCE  619 
manner except that normal allantoic fluid or modified glucosol was substituted for infected 
a]lantoic fluid. The above mixtures were then injected intraperitoneally into mice. Animals 
from which cells were  removed for electron and phase microscopy received  approximately 
107 cells, those injected for paraffin embedding received  l0  s cells. 
Since it has been previously demonstrated that infection most probably occurs within 10 
minutes after the cell-virus complex reaches 37°C. (8), the cells were termed "infected" at all 
times after inoculation. 
At various intervals after injection, as described in detail below, mice were killed with chlo- 
roform, the peritoneal cavity opened, and aliquots of ascitic fluid were immediately removed 
with a capillary pipette for examination by phase and electron microscopy. 
Preparation of Cells for Microscopic Examination.--For the electron microscope  approxi- 
mately 0.1 ml. of fluid was placed quickly in 5 ml. of 1 per cent OsO4, buffered at a pH of 7.4 
with veronal-acetate buffer. After fixation for 30 minutes at room temperature the cells were 
washed in buffer, dehydrated in increasing concentrations of ethyl alcohol,  and suspended 
finally in partially prepolymerized methacrylate  (Rohm  and Haas, Philadelphia), 8  parts 
N-butyl methacrylate to 1 part of methyl methacrylate. All fluid changes were made by lightly 
centrifuging the cells, discarding the supernatant, and resuspending in the next fluid in the 
dehydration and embedding sequence. A total of 5 minutes was allowed for each fluid change. 
Polymerization was carried out at 6YC. Sections were cut on a microtome of the Porter-Blum 
type fitted with a glass knife. They were then mounted on formvar-coated copper specimen 
grids and examined in an RCA EMU-2E electron microscope. Electron micrographs were taken 
at initial magnifications of 4,000  to  18,000 and enlarged photographically to the indicated 
values. Sections were examined without removal of the embedding material. 
For the phase microscope approximately 0.1 ml. of ascitic fluid was placed undiluted on an 
ordinary glass microscope  slide, covered  with a coverslip,  and examined immediately under 
the phase microscope.  Since relatively large quantities of cells were required for paraffin em- 
bedding, separate  mice which had  received,  as described above, a  larger injection of the 
virus-cell mixture were used for this purpose. Recovery of the inocuhim was achieved by wash- 
ing the peritoneal cavity of the chloroform killed mouse by injection of 10 ml. of Bouin's or 
Carnoy's fixative. After fixation for 30 minutes the cells were washed twice with, and resus- 
pended in, 70 per cent ethyl alcohol, following which they were dehydrated in ethyl alcohol 
and embedded in paraffin in accordance with routine histologic procedure. Sections 4/~ thick 
were stained with methenamine silver according to the technique of Gomori (9), with hema- 
toxyliu  and  eosin, and  with  Giemsa.  Carnoy-fixed material  was  stained  by  the  pyro- 
nine-methyl green method (10) and the Feulgen method (11). Giemsa and hematoxylin and 
eosin were used as general survey stains. Methenamine silver was employed to demonstrate 
polysaccharide. Pyronine-methyl green was  employed to estimate cytoplasmic basophilla. 
The Fenlgen method was selected to demonstrate DNA. 
RESULTS 
Electron Microscopy: 
Control~.--No  major morphologic  changes were seen in the control cells at any of 
the time intervals (0 hour, 2 hours, 4  hours, and 10~ hours) studied.  Nor did they 
differ appreciably from published findings with normal EAT cells or  from the many 
preparations of normal EAT cells examined in this laboratory. 
Mitochondrial swelling was noted in the time 0  control cells, but since the mito- 
chondria appeared normal in all remaining controls studied (2 hours, 4 hours, and 10~ 
hours) this was interpreted as a reversible change due to in ~qtro manipulation of the 
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Virus-Treated Cells.--At 0 time the infected cells differed morphologically from the 
control cells in only one particular; adsorbed particles were present on and  between 
the pseudopodia of the EAT cells.  In the electron micrographs (Figs.  1 to 5)  these 
particles appear as relatively dense bodies which are elliptical or circular in profile and 
have an average major diameter of approximately 140 m/z. Since the long axis is in- 
variably oriented perpendicularly to the direction of motion of the microtome knife, 
it is probable that the observed ellipticity is an artifact caused by compression dur- 
hag the sectioning procedure, and that the true silhouette of the particles is more nearly 
circular. The particles are limited by a double membrane system seen in the electron 
micrographs as an outer dense line measuring 30 to 40 A in thickness and  an inner 
dense line measuring 35 to 50 A in thickness; these concentric lines are separated by 
an annular zone of lesser density which varies from 40 to 60 A in width. From four to 
eleven small dense bodies can usually be seen within the partides. These bodies meas- 
ure about 110 A in diameter and are usually distributed at random (Fig. 4), although 
they may occasionally be disposed in a  ring along the inner surface of the internal 
lamina of the limiting membrane (Fig. 5). 
The particles are tentatively  identified  as Newcastle disease  virus. The following 
observations support this identification.  The particles are denser and more uniform 
and have a more complex structure than do cross-sections of pseudopodia, with which 
they might be confused. Their  measurements  agree roughly (assuming  a  spherical 
shape) with other estimates of the size of NDV. Similar particles have been identified 
in electron micrographs of NDV-aggiutinated chicken red blood cells  (12),  but have 
never been seen on infected EAT cells or on chicken erythrocytes suspended either in 
various buffers or in uninfected chick embryo allantoic fluid.  Finally,  the  particles 
disappear from the surface of the EAT cells within 30 minutes after being placed in 
the peritoneal cavity of the mouse. This latter observation is in agreement with im- 
munohistochemical observations on the interaction of Newcastle  disease  virus with 
Ehrlich ascites tumor cells (5). 
Cells studied after 2 hours in vivo no longer have the adsorbed surface particles just 
mentioned and are indistinguishable from control cells. 
The  cytoplasmic inclusions  which appear  in  EAT cells  following infection with 
Newcastle disease virus are first clearly seen after 4 hours incubation in the peritoneal 
cavity of the mouse (Fig. 6). Thereafter they increase rapidly in size and numbers as 
Figs.  7 and 8 taken at 6 and  10~ hours respectively demonstrate.  They occur  ex- 
clusively in the cytoplasm of the infected cell; no nuclear involvement has been seen in 
any of the preparations studied. Although the inclusions exhibit individual variations 
in appearance, their over-all morphology has several characteristic features which are 
shown in Figs. 6 to 9. They are elliptical or circular in profile and vary in diameter 
from 0.4 g  to 3.0 g. In general they have a limiting shell which is composed of from 
two to more than twenty laminae. These laminae measure 4 to 8 mg in width and are 
usually associated with circumferentially distributed small vesicles. 
The number of laminae comprising the shell appeared to be related to the develop- 
mental age of the inclusion; at 4 hours after infection none of the inclusion shells had 
more than eight laminae and most had only two or three. In contrast, the shells  of 
most of the inclusions seen at 6 and 101/6 hours averaged more than a dozen layers in 
thickness  and  frequently  had  as  many as  twenty laminae.  The vesicles  associated W.  ROBERT ADAMS AND ALI~R.ED M.  PRINCE  621 
with the laminae have the appearance of transversely sectioned tubules and measure 
9 to 18 m/~ in diameter. These vesicles  resemble and are frequently continuous with 
adjacent  clusters  of vesicles which can be  identified  as  elements  of the  agranular 
reticulum (Golgi material)  (Figs. 7, 9). Frequently one of the laminae can be seen to 
split into two thinner lamellae which are themselves continuous with the wall of one 
of the adjacent vesicles (Figs. 9,  10). This finding suggests that the laminar portion 
of the inclusion shell may be formed by a process of "collapse" and fusion of vesicles 
of the smooth surfaced or agranular reticulum of the Ehrlich ascites tumor cell. An- 
other constant feature of the inclusions is an inner portion, elliptical or irregular in 
profile,  containing relatively dense granules. Considerable variation in the morphology 
of this internal granular material was noted among different inclusions  (Figs. 6,  7, 
and 9); however, the granules within any particular inclusion profile displayed some- 
what greater uniformity. The diameter of the granules in different inclusions varied 
from an average of 4 m/~ (Fig. 6) to an average of 12 m/~ (Fig. 7). No correlation was 
found to exist between the size of the granules on the one hand and the size of the 
inclusion or number of laminae comprising its shell on the other. Although the gran- 
ules bear some resemblance to the RNA-containing particles distributed throughout 
the cytoplasm, the possibility that they represent nothing more than isolated islands 
of cytoplasm seems unlikely since they display a much greater variation in size than 
do the cytoplasmic granules. Further,  no transition forms demonstrating continuity 
between  the internal  granular  material  and  the  surrounding  cytoplasm of the cell 
have been seen in any of the sections studied. 
During the first 6 hours following infection, at the end of which time over half of 
the cells examined contained characteristic  cytoplasmic inclusions, little  change was 
noted in the nucleus, plasma membrane, or cytoplasmic structures, including the par- 
ticles within the endoplasmic reticulum (13), which are normally found in uninfected 
EAT cells. This was true even of those cells which contained numerous well developed 
inclusions (Fig. 8). Although at 6 hours an occasional cell showed minimal swelling of 
mitochondria and vacuolization, clear cut morphologic changes were not seen  until 
the 10~ hour stage of infection. At this time approximately 5 to 10 per  cent  of the 
infected cells revealed varying degrees of vacuolization and alteration of mitochondria 
and  other  cytoplasmic structures  (Figs.  13  and  14).  Evidence of disintegration  of 
infected cells was seen at this time in the form of increased quantities of debris and 
altered but still recognizable laminated inclusions floating free among the remaining 
intact cells  (Figs.  11, 12). Although all stages of disintegration could be observed in 
the wet preparations examined with the phase microscope, no cells in actual process of 
disintegration were seen  in the material  examined  in the electron microscope.  The 
most likely explanation of this discrepancy would appear  to be mechanical trauma 
during preparation for electron microscopy. 
Conventional Light Microsaopy: 
The general cytological stains,  Giemsa, and hematoxylin and eosin,  as well as  the 
special  procedures,  pyronine--methyl  green,  Feulgen,  and  methenamine  silver  all 
failed to demonstrate the cytoplasmic inclusions seen in the electron micrographs and 
with  the phase  microscope.  The  only morphologic changes noted  in  any  of  these 
preparations were seen at the 101/~ hour stage of infection and consisted of vacuoliza- 
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Phase Microscopy: 
With the phase microscope all controls as well as the 0  time and 2 hour infected 
cells appeared identical.  An uninfected control EAT cell is shown in Fig.  15. Mit~- 
chondria are seen as small spheres and short rodiets, and several brilliantly refractile 
lipide droplets are present in the cytoplasm. Numerous fine pseudopodia could usually 
be seen on the surface of the cell. The cytoplasmic inclusions which appeared following 
infection with NDV were first seen at  the 4 hour stage of infection but were more 
striking in the later stages as Figs. 16, 17, and 18, which were taken 10~ hours after 
infection, illustrate.  They usually occupied a juxtanuclear position and were neither 
as dark as mitochondria nor as refractile as the lipide droplets. Numerous variations in 
shape were seen.  Some were approximately spherical and measured 1 to 3  #  in diam- 
eter. Others were elliptical and still others were greatly elongated  (up to  10/~ long). 
Little internal structure could be resolved at the magnification provided by the phase 
microscope. The striking resemblance to myelin figures which these structures exhibit 
is seen in Fig. 18. In considering this resemblance to myelin figures the structural re- 
semblance of the lamellated shell of the inclusions (Fig. 7) to the concentrically lam- 
inated myelin sheath  (14)  might be mentioned.  An increase in number and size  of 
these bodies seen with the phase microscope paralleled  similar  changes in the cyto- 
plasmic inclusions noted in the electron micrographs, and, as in the  electron micro- 
graphs, the 6 and 10~ hour specimens revealed evidence of disintegration of cells and 
liberation of particles into the surrounding fluid. An additional  finding not noted in 
the electron micrographs for the reason mentioned above, was frequent presence  of 
EAT cells in actual process of disintegration. One such cell is illustrated in Fig. 19. The 
plasma membrane is not visible,  the cytoplasm is pale and displays several focal areas 
of increased refractility which are not associated with lipide droplets, and the vacuoles 
and particulate matter of the cytoplasm are diffusing into the surrounding fluid.  The 
nucleus appears unchanged at this stage of cytolysis. Indeed, the nuclei  of the dis- 
integrating cells usually showed little change until they were left naked following com- 
plete  dispersion  of the  cytoplasmic components,  at which  time  a  gradual  process 
of pyknosis set  in,  resulting  ultimately  in  small  dark  irregular  masses  of nuclear 
material about the size of an erythrocyte. Several cells similar to the one shown in Fig. 
19 were observed for periods of 20 to 30 minutes. The process of disintegration was 
never a sudden fulminant event but was a gradual process and usually  occupied an 
interval of 15 to 30 minutes. The extended duration of the dissolution Process seemed to 
be due primarily to the presence in the vicinity of the nucleus of an invisible but highly 
viscous gel which hindered the centrifugal motion of the cytoplasmic material.  These 
observations were made at room temperature on a drop of ascitic fluid which had been 
placed on a glass slide, covered with a coverslip and sealed with vaseline, and therefore 
they may not accurately reflect the changes which occurred in the peritoneal cavity 
of the mouse.  Uninfected control cells  were viewed for periods up to 2  hours, and 
although  many  developed  markedly  swollen  pseudopodia  no  evidence of  cytolysis 
Was seen. 
Although the majority of the ceils present in the peritoneal fluid removed from mice 
which had been inoculated with infected material were Ehrlich ascites tumor cells, a 
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the mouse were present. The major portion of these non-neoplastic cells were macro- 
phages;  other types present in lesser quantity included  neutrophil  and  eosinophil 
granulocytes, mast cells, mesothelial cells, small and large lymphocytes, and very rare 
erythrocytes. The identification of these cells was assisted in part by previous experi- 
ence in this laboratory and in part by the recently reported comprehensive studies by 
Felix and Dalton (15) of free cells native to the peritoneal cavity of mice. The macro- 
phage  illustrated in Fig. 20 displays the morphological features  which differentiate 
this cell type from EAT ceils. The diameter of the macrophage is only slightly less than 
that of a typical EAT cell but the nucleus is much smaller, resulting in a lower nucleo- 
cytoplasmic ratio. The cytoplasm  is more refractile  and usually contains numerous 
large dark irregular masses of particulate matter which are not present in uninfected 
EAT cells and which, further, bear little resemblance to the smoother paler cytoplas- 
mic inclusions which are seen in infected EAT cells. 
DISCUSSION 
Fluorescent  antibody  studies  have  recently  demonstrated  the  synthesis, 
in EAT cells infected with chick embryo-adapted NDV, of specific viral antigen 
which  appears  to  lack  infective,  hemagglutinating,  and  complement-fixing 
activities  (5).  It was the purpose  of the present investigation to determine 
whether  the extreme functional simplicity of this antigen reflected a  corre- 
spondingly elementary morphology, or whether it was associated with a  com- 
plex particle similar to  the native virus particle,  as appears  to be  the case 
with influenza. 
The observations described in this report  conclusively rule out the latter 
possibility and  strongly suggest that  the newly synthesized units are much 
smaller than the native virus particle, perhaps no larger than 10 to 14 m/~ in 
diameter, and may in fact be identical with the granular material present in 
the core of the cytoplasmic inclusions. 
Any hypothesis linking the granules which comprise the core of the inclu- 
sions with the fluorescent antibody-binding antigen is of course conjectural, 
particularly since these particles are within the size  range of the ubiquitous 
RNA-containing cytoplasmic granules and may represent nothing more than 
isolated islands of cytoplasm. Such an hypothesis is suggested, however, by 
three considerations. First, the particles within the inclusion exhibit greater 
variation in size than do the cytoplasmic granules. Second, no forms demon- 
strating  continuity between  the granular material  of  the  inclusion and  the 
cytoplasm of the cell have been seen among the many hundreds of inclusions 
studied in the electron micrographs. Third, the newly formed antigenic units, 
if they are visible at all, would most likely be associated with the newly formed 
morphological entity; i.e.,  the cytoplasmic inclusion. A  second possibility of 
course is that the antigenic material is associated with the shell of the inclu- 
sion rather than with the granular material in its core.  In argument against 
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tion of the shell with the agranular  reticulum of the EAT cell which would 
suggest that the shell is of cytoplasmic origin. 
Even  though  the above described intracytoplasmic  inclusions  seem to be 
unquestionably related to infection of Ehrlich  ascites tumor cells with New- 
castle disease virus it is unlikely that they are unique to this virus-cell  system. 
This  is  indicated  by two sets of observations.  First,  although  none  of  the 
control preparations  studied in  the present  experiment  contained  structures 
which  resembled the inclusions  which developed in infected cells, such struc- 
tures  have on rare  occasions  been seen  in  other preparations  of EAT  cells 
(to our knowledge uninfected)  which have been studied in  this  laboratory. 
The  incidence  of this  finding  is  quite low and  is  estimated  to be less  than 
0.1  per cent.  Second,  laminated  structures  have been seen by others in  the 
cytoplasm of monkey kidney cells infected with mumps virus in tissue culture 
(16).  In light of the above it is possible to interpret  the development of the 
inclusions  described in  the present paper as a  particular  example of a  more 
general reactive phenomenon on the part of the agranular reticulum of Ehrlich 
ascites tumor cells and,  quite possibly, other cell types as well.  Should this 
possibility  be  proven  the  case,  a  heretofore  undiscovered  function  of  the 
agranular reticulum might be envisioned; i.e., participation in an intracellular 
defense mechanism.  In the case of the particular vh-us-cell system treated in 
the present paper such a function might be served by preventing the diffusion 
of essential  metabolites into the center of viral activity, by preventing formed 
viral products from reaching  the cell surface,  or by chemical  interference at a 
sensitive point in  the virus maturation  process. 
SUMMARY 
The morphologic  changes  occurring  in Ehrlich  ascites tumor cells infected 
with chick embryo--adapted Newcastle disease virus were studied with phase 
microscope,  conventional  light  microscope,  and  electron  microscope.  Intra- 
cytoplasmic inclusions  appeared 2 to 4 hours following infection and progres- 
sively increased in size and numbers until  cytolysis occurred. No significant 
alterations in mitochondria  or other cell organelles  were detected during  the 
initial  period  of inclusion  development.  The  inclusions  were composed of a 
multilaminated  shell,  probably derived from the agranular  reticulum  of the 
EAT cell, surrounding  an inner core packed with dense particles,  measuring 
3  to  14  In#  in  diameter.  These  particles  were  tentatively  identified  as  the 
newly synthesized "incomplete virus" which had been previously demonstrated 
by fluorescent  antibody  techniques.  The  possible  role  of  the  inclusions  is 
discussed. 
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EXPLANATION OF PLATES 
PLATE  66 
Electron rnicrographs  of Ehrlich ascites tumor cells which have  been  bathed  in a 
solution of Newcastle disease virus for 30 minutes at 4°C. to allow adsorption of virus 
to the EAT cells.  Virus concentration adjusted  to  give a  multiplicity of  I00  "infec- 
tious particles" per cell in the final virus-cell mixture. 
Fins.  1 to 5 illustrate particles tentatively identified as NDV (see text) adsorbed on the 
surface of EAT cells. The limiting membrane of each particle is a double structure composed 
of an internal and an external lamella. In some cases (Figs.  1, 4, and  5)  the section plane 
passes through the adsorption site (arrows)  suggesting disappearance of the external lamelIa 
of the limiting membrane of the particle as well as the subjacent plasma membrane of the 
EAT cell at the point of contact. The dense bodies within the interior of the particle are either 
disposed in a  ring along the inner surface of the internal lamella of the limiting membrane 
(Fig. 5), or are distributed at random throughout the interior of the particle (Figs.  3 and 4). 
Figs. 1 and 2. X  51,800. Figs. 3, 4, and 5. X  100,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  106  PLATE  66 
(Adams and Prince: Electron microscopic study of incomplete virus) PLATE 67 
FIG. 6. Electron micrograph of juxtanuclear area (nucleus not shown) of an  Ehrlich 
ascites tumor cell 4 hours following infection with Newcastle disease virus. 
An early inclusion (i) is seen in the cytoplasm at the upper right. The shell (s) has only a 
few laminae at this stage. The granules (g) within the inclusion  average about 4 mbL in diam 
eter. The two structures (s~ and &)  to the left of the inclusion  are surrounded by laminated 
membranes which in some areas are associated with smooth surfaced vesicles (ss).  Most of the 
cytoplasmic organelles  which are normally present in the uninfected EAT cell can be identi 
fled in this figure;  mitochondria (m) and Golgi material (G), are relatively abundant, rough 
surfaced reticulum (rs)  and the intrareticulum particles of EAT (p)  are less so. No significant 
alterations in any of these organelles are noted. X  41,500. THE  JOURNAl  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE  67 
(Adams and Prince: Electron microscopic study of incomplete virus) PLATE  68 
FIG.  7.  Electron  micrograph  of  an  Ehrlich  ascites  tumor  cell  6  hours  following 
infection with NDV. 
A well developed cytoplasmic inclusion  lies near the nucleus (N)  of the cell.  The  granules 
within the inclusion are larger  than the cytoplasmic granules of the EAT ce]l and are closely 
packed.  Situated along the right periphery  of  the  inclusion are  numerous smooth  surfaced 
vesicles  (ss).  At  several  points  (arrows)  some  of  these  vesicles  appear  to  be  continuous 
with the dense, tightly packed lamellae which comprise the left portion of the inclusion shell. 
The alterations seen in one  mitochondrion (am) are probably not specifically  related  to  in- 
fection with NDV since similar changes are  not  uncommonly seen in  uninfected  cells.  No 
alterations are seen in the remaining mitochondria, in  the  nucleus, or  in  the intrareticulum 
particles (p). X  61,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE  68 
(Adams and Prince: Electron microscopic study of incomplete virus) PLATE 69 
FIG.  8.  Electron micrograph of an Ehrlich ascites tumor cell  10~  hours  following 
infection with Newcastle disease virus. 
The large number of cytoplasmic inclusions seen in this cell was a common finding at  this 
stage  of infection. No  significant alterations of  Golgi  material  (arrows),  mitochondria,  or 
endoplasmic reticu]um are seen. The nucleus of the cell is not included in the plane of this sec- 
tion. X  20,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE  69 
(Adams and Prince: Electron microscopic study of incomplete virus) PLATE  70 
FIO. 9. Electron micrograph of inclusion in juxtanuclear zone of an Ehrlich  ascites 
tumor cell 10~ hours following infection with Newcastle disease virus. 
Part of the nucleus of the cell is just visible in the upper left corner. 
As was the case in Fig. 7, numerous smooth surfaced vesicles are situated around the pe- 
riphery of the inclusion. The aggregation of Golgi material seen at (G) is composed of numer- 
ous  closely packed vesicles some of which extend  downward and  are continuous with  the 
vesicles  and  laminae  that  comprise  the  wall  of  the  inclusion.  The  granules  within  the 
central area of this inclusion are smaller and less closely packed than those within the inclusion 
illustrated in Fi~.  7. No changes are noted in the mitochondria, rough surfaced reticulum or 
intrareticulum particles, one of which is seen at  (p).  X  52,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE  70 
(Adams and Prince: Electron microscopic study of incomplete virus) PLATE  71 
FIO.  10.  Enlargement of  the area  indicated  in Fig.  9  illustrating fine structure  of 
some of the laminae which are present in the shell of the inclusion. 
In some areas (arrows) a  lamina can be seen to split into two thinner lamellae which are 
themselves continuous with the wall of one of the numerous adjacent smooth surfaced vesicles. 
X  200,000. 
FIG.  11.  Electron  micrograph  showing  an  inclusion  floating  free  in  ascitic  fluid 
101/~ hours following infection of EAT cells with NDV. 
The ragged appearance and indistinct margins of some of the lamellae are probably due to 
autolysis rather than to poor over-all fixation in the block, since the margins of adjacent cells 
(upper left and lower right) are well preserved and do not have the fine precipitate of osmium 
which can be seen in the inclusion. X  37,000. 
FIG.  12.  Electron micrograph of another extracellular inclusion. Same  experimental 
material as Fig.  11  (101/~ hours following infection). 
Numerous vesicles can be seen at the right. Some of these appear to be in structural con- 
tinuity with the laminae which comprise the shell.  The  individual  granules  within  the  in- 
ternal  granular  material  (g)  are  less  distinct  than  those  within  intracellular  inclusions. 
X  50,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE  71 
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Fro.  13.  Electron  micrograph  of  an EAT  cell  10~,~ hours following infection  with 
NDV. 
Numerous  cytoplasmic  inclusions of  typical  appearance  are  evident.  Others  have been 
sectioned near the surface [i]. In addition, alterations  in  the  morphology  of  the  structures 
normally present in uninfected EAT cells can be seen. The cytoplasmic granules are segre- 
gated  into discrete  clumps  (c]).  Individual elements of  rough  surfaced  reticulum  (rs)  are 
relatively normal in appearance;  however,  they are diminished  in number.  Typical  Golgi 
material is not seen although the poorly defined cluster of smooth surfaced vesicles (ss)  at 
lower right  may represent  remnants of  Golgi substance.  A  swollen mitochondrion (am)  is 
seen in the upper right corner. Other mitochondria (m) exhibiting only minimal changes are 
scattered throughout the cytoplasm. The nucleus of the cell is not shown.  X  32,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOI.  106  PLATE  72 
(Adams and Prince: Electron microscopic study of incomplete virus) PLATE  73 
FIG.  14.  Electron micrograph of an EAT  cell  10lJ~ hours following infection with 
NDV.  Although this cell is at the same stage of infection as the one depicted in Fig. 
13, the changes are more pronounced. 
The contour of the cell is irregular owing to protrusion of the plasma membrane by large 
vesicles. Some of these structures can be identified as mitochondria (am) which display indis 
tinct  limiting membranes,  diminished density,  and  loss  of  cristae.  Others  are  limited  by 
membranes to which are attached occasional small granules (rsv) ; these may represent swollen 
vesicles of rough surfaced reticulum. There is almost complete loss  of cytoplasmic granules, 
and Golgi material is also missing. At the lower right, in contact with the plasma membrane 
of the cell,  is a  well developed inclusion. Little change is seen in the nucleus; the irregular 
vertical streaks are an artifact caused by compression during sectioning. X  30,000. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  106  PLATE  73 
IAdams and Prince: Electron microscopic study of incomplete virus) PLATE  74 
Phase  contrast  photomicrographs  of  Ehrlich ascites  tumor  cells, and  of  a  macro- 
phage.  All photomicrographs  are of unfixed wet preparations  of undiluted peritoneal 
fluid examined immediately after removal from the mouse. All figures  X  1,900. 
F1G. 15. Uninfected EAT cell. 
Nucleus,  nucleoli,  brilliant  lipide droplets,  and  mitochondria  are  visible.  Present  along 
the upper periphery are a  few faintly visible pseudopodia. 
FIGS.  16,  17,  and  18.  EAT  cells  101/~ hours  following infection  with  Newcastle 
disease virus. 
Numerous inclusions (arrows)  exhibiting a  variety of shapes are seen.  Their contours are 
smoothly lobulated and they bear some resemblance to "myelin figures." Except for the pres 
ence of inclusions,  these cells do not differ significantly from the control cell seen in Fig. 15. 
FIG. 19. A disintegrating EAT cell 10J/~ hours after infection with NDV. 
Three typical inclusions  (arrows)  are seen. Some of the mitochondria are larger than usual. 
The large dark particles at the lower right are not identified. 
FIG. 20. Macrophage present in 101/~ hour sample of infected EAT cells illustrating 
the morphological features  which  distinguish  these cells from  Ehrlich  ascites  tumor 
cells. Note  lower  nucleocytoplasmic  size  ratio,  dark  irregular  inclusions,  and  bril- 
liantly refractile cytoplasm. TItE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE  74 
(Adams and Prince: Electron microscopic study of incomplete virus) 